Background. The recent rise in agricultural commodity prices has been dramatic, and food prices are likely to follow an upward trend, at least in the medium term. Moreover, the recent financial crisis has also lowered incomes and increased food prices. Not only does this reduce dietary quality, but expenditures for health, sanitation, and education will decline, all of which will have a detrimental effect on health and nutrition outcomes.
Introduction
A primary cause of mineral and vitamin deficiencies in developing countries is poor-quality diets characterized by high intakes of food staples but low consumption of animal and fish products, fruits, lentils, and vegetables -nonstaple foods that are rich sources of bioavailable minerals and vitamins. This paper provides some perspectives on the underlying economic factors that drive this outcome, with the objective of providing a better understanding of the importance of the potential of agricultural inventions (often neglected) to improve the current situation.
Interventions to improve the minerals and vitamins supplied by crop and marketing systems should be understood in the context of agricultural and economic development over time and household resource allocation decisions at any given point in time. In this context, per capita food intakes at the household level generally are primarily a function of that household's income and food prices (discussed in the next two sections) in the context of falling real cereal prices over the past several decades. Succeeding sections discuss the implications of recent food price increases, the influence of age and gender on intrahousehold food distribution, and how economic growth and household income influence time allocation, the health and sanitation environment, and education, all nonfood factors that influence health and nutrition outcomes. Conclusions are drawn in a final section. S15 Food prices, household income, and resource allocation Dietary quality and household income* Table 1 shows per capita energy intake and share of food expenditures according to broad food group and income group for three countries. At low incomes, the poor give priority to purchasing food staples, the most inexpensive source of energy, to keep from going hungry. Then at the margin as income increases, they buy nonstaple plant foods (e.g., lentils, fruits, vegetables) and animal products (including fish) because of a strong underlying preference for the tastes of these nonstaple foods.
Although diets are expressed in table 1 only in terms of energy (and not minerals and vitamins), because nonstaple plant foods and animal products are denser than food staples in bioavailable minerals and vitamins, percentage increases in mineral and vitamin intakes rise much more sharply with income than do energy intakes. Animal products are the most expensive source of energy but the richest source of bioavailable minerals and vitamins.** There is a natural underlying tendency, then, for dietary quality to improve as economic development proceeds. As household income rises and the demand for nonstaple plant foods and animal products rises, prices for these better-quality foods will tend to rise, all things being equal. These price signals, in turn, will give rise to supply responses from agricultural producers. The essence of economic (in this case agricultural) development is that technological improvements will be stimulated (e.g., development of higher-yielding varieties through either public or private investments in agricultural research), which in turn will lead to more efficient production, faster supply growth rates, and eventually lower nonstaple food prices.
It is the role of public food policies to influence this long-term process so that aggregate growth is rapid and all socioeconomic groups (importantly the malnourished poor) share in the benefits of this growth. With this as background, we now briefly examine the role of the Green Revolution in influencing food prices. To give a sense of the poor quality of the diets in table 1, hemoglobin levels were measured of women and children in Bangladesh in the same households as those in which data on food intake were collected [2, 3] . The hemoglobin levels of 55% of women and 75% of children were below the cutoff levels for anemia. Bhargava et al. [2] demonstrated that low dietary iron was a factor in low hemoglobin among adult women. pulse production between 1965 and 1999. Developing-country population doubled during this period. It is the great achievement of the Green Revolution that cereal production more than doubled due to rapid technological change. After adjustment for inflation, real cereal prices have fallen over time despite the doubling of developingcountry population. As suggested in table 1, the poor spend a high percentage of their income on food staples, and lower cereal prices free up income that eases their burden and can be spent on a range of necessities, including better-quality food. Pulse production in figure 1 is representative of increases in production for any number of nonstaple plant and animal foods. Production increased significantly but did not keep pace with growth in demand -due both to population growth and to income increases as developing-country economies have grown. There was no commensurate technological change in the nonstaple food sector. Consequently, inflation-adjusted prices of many nonstaple foods have increased over time, as shown in figure 2.
Dietary quality, food prices, and the Green Revolution
Given these relative price changes over time, energy (rice in the case of Bangladesh) becomes more affordable, but dietary quality (nonstaples) becomes more expensive. As shown in figure 3, expenditures for nonstaple plant foods and for fish and meat exceed those for rice [4] .
The data illustrated in figure 3 were 
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Food prices, household income, and resource allocation collected in the mid-1990s in rural Bangladesh after rice prices (adjusted for inflation) had fallen considerably from the early 1970s and nonstaple food prices had risen significantly.
This change in relative prices -lower food staple prices and higher nonstaple food prices -has made it even more difficult for the poor to achieve mineral and vitamin adequacy in their diets. Certainly, for those poor whose incomes have remained constant, price incentives have shifted the diet more and more toward reliance on food staples -in the absence of knowledge about the importance for health of a nutritious diet and what relatively inexpensive nonstaple foods can provide in terms of minerals and vitamins. This has led to a worsening of mineral and vitamin intakes for many segments of developing-country populations, micronutrient malnutrition, poor health, and much misery.
To reiterate, the long-term task of public food policy is to stimulate growth in the nonstaple food sector (sometimes referred to as "high-value" agriculture) through any number of instruments -agricultural research, education, building infrastructure, and improving markets for agricultural inputs and outputs, to name a few. However, this is a several-decades-long process. In the meantime, there are specific, costeffective steps (such as biofortification and adding zinc and selenium to fertilizers) that can be taken to utilize agriculture to improve mineral and vitamin intakes in the shorter term.
Dietary quality and the recent rises in staple food prices in the post -Green Revolution period
Rapid increases in yields of rice, wheat, and maize led to declining prices of food staples, as exemplified for Bangladesh in figure 2. However, in part due to declining public investments in agricultural research over the past two decades, high growth rates in cereal yields in developing countries could not be sustained. Population, of course, continued to grow. As incomes increased in China, India, and other developing countries, greater demand for animal products led to increased use of cereals for animal feed. These longer-run supply and demand factors put underlying pressures on food staple prices to begin to rise. Finally, short-term drawdowns in global cereal food stocks and weather shocks caused by drought in major producing countries led to very rapid and substantial increases in food staple prices in the first half of 2008. What are the consequences of such prices for the dietary quality of the poor?
The poor must, at all costs, protect their consumption of food staples to keep from going hungry. Bangladeshis, for example, must now spend more for rice. This leaves less money to spend on nonstaple foods and nonfoods, as illustrated in figure 4 .
Economists simulate and predict the changes in diet caused by rising food prices through use of price and income elasticities, which provide estimates of percentage changes in quantities in foods consumed for given percentage changes in prices and incomes. An example for rural Bangladesh of a demand elasticity matrix is shown in table 2.
Examining particular values in the demand elasticity matrix above, if income doubles (a 100% increase), then the quantity of staple food consumption is predicted to increase by 5% (see the last column of table 2); that is, the staple income elasticity of 0.05 = +5%/+100%. In contrast, in terms of magnitude, if income doubles, then nonstaple food consumption (plants and animals or fish, aggregated) is predicted to increase by 110% (1.10 = +110%/+100%). These are referred to as "income elasticities".
If the price of staples (rice in the case of Bangladesh) increases by 50%, then the quantity of staples consumed decreases by 10% (-0.20 = -10%/+50%; see the Staples column in table 2). This is referred to as an own-price elasticity. If the price of nonstaples increases by 50%, then the quantity of food staples increases by 5% [0.10 = +5%/+50%; see the Nonstaples column in table 2)]. This is referred to as a "cross-price elasticity". 
Staples

FIG. 5. A 30% decline in iron intake among Philippine women results
in a decline in the proportion of women meeting iron intake requirements from 30% to 5%. The distribution of iron requirements is modeled from a factorial accounting for body size, age, menstrual blood loss, and contraceptive use [5] . A Monte Carlo simulation with n > 1,000 was used. The estimated average iron intake among Filipino women is 7 mg/ day, and the estimated average iron intake if only high-iron (12 mg/kg milled) biofortified rice is consumed is 11 mg/day. Source: John Beard, Nutrition Department, Pennsylvania State University Using the elasticities in the matrix above, changes in quantities consumed can be predicted for varying levels of price rises. These changes in quantities, in turn, can be converted into changes in nutrient intakes. Table 3 shows simulation results for an assumed 50% increase in the price of both staple and nonstaple foods, but no change in income.
The following observations may be made from table 3: » As an order of magnitude, iron intakes decline by 30%. Energy intakes decline by 15%; however, note that the decline in energy intakes is primarily due to the decline in consumption of nonstaple foods. » Expenditures on food staples increase markedly due to inelastic demand; expenditures on nonstaple foods and nonfoods decline. » To the extent that nonstaple foods are considered a luxury (nonstaple income elasticities at the high end near 1.4), the poor adjust by reducing nonstaple food expenditures and nonfood expenditures are little affected; to the extent that nonstaple foods are considered more of a necessity (nonstaple income elasticities at the lower end near 1.0), the poor adjust by reducing expenditure on both nonstaple foods and nonfoods. How significant is a 30% decline in iron intake? To obtain some sense of this, figure 5 shows the cumulative distribution of women meeting their iron intake requirements at various levels of average iron intake. Because individual-specific requirements for iron (and other nutrients) vary, some women meet their requirements at an average iron intake of 7 mg/day (30% in the diagram) and others do not (70% in the diagram).
Given a food price increase of 50%, iron intakes would decline by an estimated 30% from 7 mg/day to about 5 mg/day (this is also simulated in figure 5 ). This would mean that only 5% of Filipino women would be meeting their daily requirements -an increase of 25 percentage points in the proportion of women were are no longer consuming their required iron intake.
The results presented in tables 2 and 3 are derived from consumption and nutrition data collected in rural Bangladesh. How generalizable are these findings to other regions in developing countries?
Budget shares allocated by the poor in Africa, Asia, and Latin America to staple foods, nonstaple foods, and nonfoods are of similar magnitude as those in table 2. This is simply because of limited incomes, the need to avoid hunger by purchasing large amounts of food staples (roughly one-third of total expenditures before the food price rise), and having to allocate remaining income between the desire for some variety in the diet table 2 ; the initial daily total calorie intake was assumed to be 2,000, divided between staples (1,600) and nonstaples (400). Staples were assumed to provide 50% of total iron intake, and nonstaples the other 50%.
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Food prices, household income, and resource allocation in addition to food staples (roughly one-third of total expenditures) and a range of necessities such as housing, clothing, sanitation, and so forth (roughly the last third of total expenditures). Thus, demand elasticities for the poor should not vary markedly from those shown in table 2.
Declines in iron intake due to food price increases, however, may be maximized in the case of Bangladesh for two reasons. First, milled rice (the primary staple in Bangladesh) has a relatively low iron density; still, staples provide 50% of the iron in the total diet of the poor in Bangladesh and nonstaples provide the remaining 50%. In other countries, such as those where whole wheat, which has a much higher iron density than milled rice, is consumed as the primary staple, a higher share of total iron (> 50%) will be provided by staples; consequently, sharp declines in nonstaple food consumption will not result in as large percentage declines in total iron intake (although the bioavailability of iron in the total diet may decline due to loss of animal and fish foods). Second, in some countries, especially in Africa, poor populations may eat significant quantities of three or four food staples that are available concurrently during any given season; in such cases, there may be the opportunity to purchase far less of the more expensive staple and far more of the inexpensive staple in the face of sharp increases in food prices. This will protect total energy intake, while saving income for purchase of more nonstaples than would otherwise have been the case.
Effects on farm income of rising food prices
While rising food prices hurt poor consumers, agricultural producers will be helped on the income side by high market prices for their products. To what extent will this compensate for a loss in food and nutrient intakes on the consumption side? To answer this question, we take the result for Bangladesh shown in table 3 and assume that total income (on a nominal basis) has risen by 35%. For example, a 35% increase in nominal income could be achieved for a 50% rise in farm output prices, no increase in input costs, with farm income accounting for 70% for total household income.
Thirty-five percent would be in the maximum range for a landowning household that depended primarily on its farm output for income. It is an interesting threshold also for the reason that the household has the option to choose to spend this extra income to just compensate for the increased cost of food (initially 70% of income goes for food expenditures, with a 50% increase in food prices then imposed).
The results of simulating a 50% increase in food prices and a 35% increase in nominal income are shown in table 4. Note that energy and iron intakes still decline (although by lower amounts). Because of the increase in the price of food, expenditures for nonfoods become relatively more attractive. The household does not choose to maintain the same food intake choices as before.
Dietary quality and intrahousehold food distribution*
The analysis above is conducted at the household level. There may be significant inequalities in the intrahousehold distribution of food. In particular, adult women and female children may receive a disproportionately low share of the household intake of nonstaple plant foods and animals or fish. Poor micronutrient status not only has adverse direct consequences for mothers but also may have an impact on the nutritional status of infants during fetal development and lactation. This of course may vary by culture. For instance, some ethnographic studies from Bangladesh document strong evidence of gender discrimination in intrahousehold food distribution:
Women are quite literally a residual category in the distribution of food, eating after men and usually after the children, and making do with what is left. This is partly self-imposed deprivation since it is women who prepare, distribute, and serve meals. But it is sanctioned by widely held belief that the practice ensures the longevity and good fortune of the male guardians. [8] According to the women they undergo selfdeprivation because they have to feed men and * This section summarizes analysis presented in Rahman and Bouis [6] . The FS/CS ratio is discussed below was originally proposed in Bouis and Peña [7] . children well. Since men undertake a lot of manual labor, they are perceived as having greater food requirements, while children go to school and need sufficient food for the development of their brains. Thus, when food is scarce women sacrifice their share. Girls may also be fed less frequently than boys, which women justified by the fact that they are often not in school. They also mentioned that the girls must get used to such deprivation. [9] In contrast to the Bangladesh case, the ethnographic and linguistic studies from the Philippines document no evidence of favoritism toward males as compared with females:
….nearly all the parents interviewed claimed that they were not favoring their sons over their daughters when it comes to the distribution of food to the children …. Adults interviewed do not think that working members of the family are necessarily entitled to extra food. This is viewed as being 'unfair' to other members because, 'everyone is doing his/her own share in the household. ' …. Parents express repugnance at the suggestion that males should be entitled to better food than females, or that family members that earn more should be entitled to better food. [10] Similarly, the absence of gender discrimination is also evident in the linguistic analysis [11] [12] [13] :
Linguistic analysis of Filipino kin terminology has a striking lack of gender differentiation, a pattern that is generally incompatible with strongly discriminatory patterns against females. For example, the Tagalog language has a general term for child (anak), but no specific word for either "daughter" or "son. " Fertility studies, too, almost invariably show that Filipinos are just as likely to desire a daughter as a son. Indeed, a few studies [12] have shown a slight preference for a girl among Philippine parents. Gender preferences in the intrahousehold distribution of food are examined empirically in table 5 [14] .
An individual's total calorie share (CS) within the household is used to construct an index of intrahousehold inequality in food distribution [7] :
where C i is the total calorie intake from all foods of individual i of a household with n members and X i is the calorie intake of individual i from any specific food or food group. The numerator is individual i's share for a particular food (FS), and the denominator is individual i's total calorie share (CS).
This index assumes that explicit hunger in the household is relatively evenly distributed among household members, as represented by CS, although preferences 
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Food prices, household income, and resource allocation for certain persons within the household may be expressed by how individual foods are distributed. According to this FS/CS index, a value greater than 1 for a particular food or food group will indicate a favorable position of that individual, and a value less than 1 will indicate an unfavorable position. The preferred foods are animal or fish products, followed by nonstaple plant foods, followed by staple foods. In table 5, the highest values above 1.0 for animal or fish foods and for nonstaple plant foods are shown for preschoolchildren in both Bangladesh and the Philippines. In both countries, it is the parents and teenage children who consume relatively lower-quality diets. In Bangladesh, there is some preference demonstrated for males over females (preschool and adult age groups) for animal or fish products. In the Philippines, adult men consume relatively high amounts of animal or fish products while women consume relatively high amounts of nonstaple plant foods.
Impact of nonfood household resource allocation decisions on health and nutrition outcomes: Time allocation, sanitation, and education
Food and nutrient intakes are not the only factors that drive nutrition and health outcomes. Significant food price increases are in effect a substantial decline in income (for net buyers). Important issues include the following: » How demands on women's time to earn income (e.g., by working in farm fields) may take time away from child care, which is particularly crucial for infants. » As income increases, it can be expected that the sanitation environment and medical care improve at the household level, although poor communitylevel sanitation and access to healthcare will remain important obstacles. » Women's education and knowledge about best child care and sanitation practices can be expected to increase with income. » Cultural diversity with respect to attitudes toward food (see the previous section) and women's roles has an important impact on the above three points. These issues can be discussed in the context of figure 6 . At the top of the figure, the household has a fixed amount of time and capital that it must decide to allocate among various income-generating activities, given exogenous prices for consumer goods and production inputs and outputs, with the objective of maximizing the well-being of individual household members through consumption expenditures, leisure time, and better nutrition and health. Depending on how those resources are allocated to own-farm production activities and off-farm employment, a certain amount of cash and in-kind income is generated that can then be spent on various consumption items. One of the primary linkages is food expenditures: how they increase with higher incomes, the extent to which nutrient availability is enhanced by these extra food expenditures at the household level, and how these nutrients are distributed among various household members. Finally, as shown at the bottom of figure 6, nutrient intakes are an important determinant of nutritional status.
However, nutrient intakes are not the only link through which household allocation decisions affect nutritional status. Morbidity is an important determinant of appetite and of how well nutrients are absorbed. The household that earns less income because it allocates more time to food preparation and child care could enjoy better nutrition, because of reduced morbidity, than if it had earned extra income and spent more for food.
Reviews by Basu and Basu [16] and by Desai and Jain [17] , for example, conclude that maternal employment is associated with higher infant or child mortality and undernutrition because working women cannot make time available to care for children. The extra income earned does not make up for the decline in time for child care. However, studies by the World Bank [18] and the World Health Organization [19] show a strong positive relationship between income and healthcare utilization.
Conclusions
The final permanent solution to eliminating micronutrient malnutrition as a public health problem in developing countries is a substantial improvement in dietary quality, i.e., higher consumption of pulses, fruits, vegetables, fish, and animal products, which the poor already desire but cannot presently afford. Although the poor at the margin devote relatively high percentages of increased income to the purchase of high-quality, nonstaple foods, nutrient requirements (especially of women and preschoolchildren because of their increased requirements for reproduction and growth) are such that consumption of nonstaple foods must increase by several multiples before requirements are met. Therefore, achieving this permanent solution will require several decades of economic growth and involve billions of dollars of investment in infrastructure and agricultural research to increase the production of nonstaple foods.
The analysis here has shown that the specter of a long-term increase in food prices will make this task far more difficult. In some societies, preference is given to males in the intrahousehold distribution of nonstaple foods, so that attaining this objective of sufficiency in vitamin and mineral intakes in these countries will be even more challenging. The recent financial crisis has [15] . Reproduced with permission from the International Food Policy Research Institute (www.ifpri. org). The book from which this figure comes can be found online at http://www.ifpri.org/publication/ linkages-between-agriculture-and-nutrition. lowered incomes. Not only does this reduce dietary quality, but women can be expected to spend more time in earning income and so less time in child care. Expenditures for health, sanitation, and education will decline. To help address the consequences of these adverse trends, the time is long overdue to bring agricultural interventions to bear to reduce micronutrient malnutrition. Biofortification, fortifying fertilizers with minerals (e.g. zinc, selenium), and introducing novel crops that are high in particular nutrients that are deficient in specific food systems are all low-cost and sustainable interventions that complement supplementation, fortification, and nutrition education [1] .
